ABSTRACT: During field surveys in Venezuela, Peru, and French Guiana, species of Litomosoides were recovered from bats and from a didelphid marsupial. Their morphology was studied, giving particular attention to the head and caudal papillae, the spicules (used to distinguish the carinii and sigmodontis groups of Litomosoides), and the microfilariae. Litomosoides wilsoni sp. n. from the short-tailed opossum Monodelphis emiliae is described from Peru; Litomosoides brasiliensis, Litomosoides chandleri, and Litomosoides guiterasi from bats are redescribed, and new hosts are recorded. For the first time, larval stages were recovered from bats (1 male and 1 female fourth-stage larvae of Litomos. brasiliensis). Litomosoides solarii sp. n. from the fringe-lipped bat Trachops cirrhosus (Phyllostomidae) in Peru is distinguished from the other species by its peculiar microfilaria (the male is unknown). Filaria serpicula from Phyllostomus sp. in Brazil is renamed Litomosoides serpicula (Molin, 1858) comb. n. This study confirms the close morphological resemblance between the species of Litomosoides from flying and terrestrial mammals and reinforces the hypothesis of host-switching in the evolution of this genus. The 2 North American species of Litomosoides from the Geomyidae were reexamined and are peculiar in several adult and microfilarial characters that resemble those of Litomosa, parasitic in Old World bats. The following new combinations are proposed: Litomosa westi Schmidt, 1986) comb. n. and Litomosa thomomydis (Gardner and Schmidt, 1986) comb. n. However, Litomosa and Litomosoides have in common a thick buccal capsule embedded posteriorly in the esophagus, which suggests that they are closely related. Litomosoides andersoni, a parasite of a caviomorph rodent, likely results from conflation of a species of Litomosoides and one of Ackertia.
Species of Litomosoides
, are filarioid nematodes occurring in the Nearctic and Neotropical regions. They exhibit an interesting host-spectrum that is ''non-coherent'' (sensu Chabaud, 1982) in that they occur in phylogenetically distinct groups of both flying and terrestrial mammals. Two species of Litomosoides are parasitic in marsupials, about 12 in bats (mainly the phyllostomids), and approximately 17 in rodents. The latter are found mainly in sigmodontine murids, but a few species are also known in sciurids, echimyids, and ctenomyids (Notarnicola et al., 2000) . Two species are also found in geomyids, but they are considered very specialized (Gardner and Schmidt, 1986) .
Interest in Litomosoides has increased recently because Litomosoides sigmodontis Chandler, 1931, unlike other filarioid nematodes, com-4 Corresponding author (e-mail: bain@mnhn.fr).
pletes its development in laboratory mice (Petit et al., 1992) and is thus a useful model for studying human filariases (Allen et al., 2000; Martin et al., 2000) . Bain and Philipp (1991) suggested that this exceptional capacity to develop in mice is a result of the phylogenetic history of Litomosoides. They hypothesized that Litomosoides originated in Neotropical bats and subsequently diversified in Neotropical terrestrial mammals when sigmodontine murids, migrating from North America at the time of the Great American Interchange during the Pleistocene, began a rapid and extreme burst of speciation in South America (Marshall, 1979) . The importance of hostswitching in the evolution of Litomosoides is also emphasized in the recent phylogenetic analysis of Brant and Gardner (2000) , who found that there is essentially no phylogenetic host specificity among these nematodes.
However, important characters such as the cephalic sensory organs and the male caudal ornamentation (area rugosa) are often insufficiently known. Moreover, it is necessary to verify by the study of the spicules if the 2 morphological types, carinii and sigmodontis, identified in Litomosoides by Bain et al. (1989) from terrestrial mammals also exist in bats (Bain et al., 1989) .
To understand the evolution of the genus Litomosoides, additional and more detailed morphological data is necessary. We studied 14 samples of specimens derived from field surveys in Venezuela, Peru, and French Guiana. From these, 5 species of Litomosoides were identified. A new species was recovered from a didelphid marsupial, and 3 known species and 1 new species were recovered from different bats. We also examined the original material of Filaria serpicula Molin, 1858 , parasitic in a bat in Brazil, and the 2 species parasitic in geomyids (pocket gophers).
During the course of the study, we sometimes observed slight morphological differences in a species between samples from diverse hosts or geographic origins; this suggests the possibility of greater diversity than is usually accepted for the genus, but this is not our present concern. More samples fixed under similar conditions will be necessary to address this question adequately. The 2 larval stages recovered for the first time from a bat are particularly interesting and have phylogenetic significance.
MATERIALS AND METHODS

Hosts
Hosts of the newly studied materials were captured in different stations, in northern Venezuela, Parque Nacional Guatopo (Agua Fria), Miranda state, during 1981, as part of a study of ectoparasites of bats (Guerrero, 1993) ; in eastern Peru, Parque Nacional Manu (Pakitza), Madre de Dios state, during 1992, and the lower Urubamba region (San Martin 3-well site and Camisea), Cuzco state, during 1997, in both cases within a field research program directed by the Smithsonian Institution; in French Guiana, in the central (Nouragues) and northwest (St. Elie) regions during the long-term program of Tropical Ecology (Ecotrop) performed by several institutions, Centre National de la Recherche Scientifique (CNRS), Muséum National d'Histoire Naturelle (MNHN), Institut sur la Recherche et le Développement (IRD), and Centre de Coopération Internationale en Recherche Agronomique pour le Développement (CIRAD). Environmental characteristics of these stations are presented in a document on national parks dated from 1992 for Venezuela, in Wilson and Sandoval (1996) and Dallmeier and Alonso (1997) for Peru, and in Brosset et al. (1996) for French Guiana. Hosts were dissected just after their capture (Peru, Venezuela) or after fixation in alcohol or formalin (Venezuela, French Guiana). Host names used are consistent with those used in Wilson and Reeder (1993) . Host field numbers are presented in parentheses.
Collection centers
Types and studied material are deposited in 3 collection centers: Colección de Parasitología, Museo de Biología (CP-MBUC), Universidad Central de Venezuela, Caracas, Venezuela (accession numbers are those of the field collection); Laboratorio de Helmintología, Museo de Historia Natural (MUSM), Universidad Nacional Mayor de San Marcos, Lima, Peru; Muséum National d'Histoire Naturelle (MNHN), Paris, France (numbers followed by letters are of this collection). Filaria serpicula was examined in the Collection of Evertebrata-Varia, numbers 6322-6324, at the Naturhistorisches Museum Wien (NMW), Vienna, Austria.
Definitions of the morphological characters studied
The morphological study was performed with fixed specimens cleared in lactophenol and examined under a light microscope. All the specimens of each sample were observed. Drawings were made using a drawing tube. Sensory organs of the head were studied and illustrated in median, lateral, and apical views from several specimens of both sexes. Amphids, lateral cuticular thickenings of the body, and the lumens of the esophagus were used to orient the head, as described in Notarnicola et al. (2000) . The structure of the buccal capsule is defined by its length, its width (maximum external diameter), the ratio of length to width, and the shape of its walls (which can be thin or thick or have well-defined and thick rings). The overall shape of the buccal cavity was studied and considered separately. Microfilariae were removed from the uteri near the vulva of females for study in a fully developed state. Spicules were dissected from 1 or 2 male specimens to observe the membranous parts more completely; the arrangement of caudal papillae was studied in ventral view; the structure of the area rugosa was studied and its length measured (anterior and posterior extremities from the cloacal aperture).
Measurements are given as follows: from adults, mean followed by minimum-maximum values in parentheses; in microfilariae, mean length Ϯ standard deviation and extreme values of width. For a new species, holotype and allotype measurements are given first. When necessary, measurements of samples from different host species are presented separately. Length of adults is given in millimeters, all other measurements are in micrometers.
Names of known species of Litomosoides are consistent with those in Bain et al. (1989) and Notarnicola et al. (2000) .
RESULTS
The characters common to the species studied are as follows. Body attenuated in anterior re-gion. Head attenuated in lateral view but often round in median view. Mouth minute, slightly depressed. Long channel of amphids conspicuous. Buccal capsule always composed of a main strongly cuticularized part and an anterior less cuticularized segment corresponding to invagination of the body cuticle. Posterior part of buccal capsule always within the apex of the esophagus. Lateral thickening of body cuticle beginning posterior to buccal capsule.
Area rugosa beginning anterior to cloacal aperture and extending beyond the coiled region of the tail, always composed of transversal bands of short longitudinal cuticular crests. Right spicule strongly cuticularized through its distal extremity with a subterminal dorsal hook or a cap, and a conspicuous dorsal heel, as defined in the carinii group of Litomosoides (Bain et al., 1989) , except in the 2 species from Geomyidae. Microfilariae: body straight; head attenuated and terminated in a salient hook, except in the 2 species from Geomyidae.
Litomosoides wilsoni sp. n. (Figs. 1-16) Description
General: Anterior end conical. Head with 4 externo-labial papillae arranged in a rectangle stretched dorso-ventrally and 2 ventral cephalic papillae close to the amphids. Buccal cavity tubular; buccal capsule longer than broad; external and often internal edges of walls irregularly crenated. 
Male
Remarks
The 9 previously described species of the carinii group of Litomosoides all differ from our material, as discussed subsequently.
Species in bats:
Litomosoides brasiliensis Lins de Almeida, 1936, first described from Myotis sp. in Brazil, has a buccal capsule with 2 rings, huge spicules, caudal papillae in tandem, and greater reduction of the head papillae.
Litomosoides guiterasi (Pérez, 1934) , first described from Artibeus jamaicensis parvipes Renn, 1902, in Cuba, has a shorter body and spicules compared with our specimens, a longer and thinner buccal capsule, fewer caudal papil- lae, and a short tail, and the vulva is at the level of the esophagus. (Note: the correct author's name of this species is not Vigueras, as is usually given following Sandground [1934] , but Pérez.) Litomosoides chandleri Esslinger, 1973 , a parasite of Artibeus jamaicensis Leach, 1821, in Colombia, is much shorter than our specimens, with a bottle-shaped buccal cavity, shorter spicules, and a right spicule that is shaped differently, and the lateral lines of the adult are ornamented with a row of tiny bosses; the microfilariae have a thick rounded tail (for these first 3 species, see also the redescriptions in this study). Litomosoides molossi Esslinger, 1973 , from Molossus molossus (Pallas, 1766 in Colombia, has similar cuticular ornamentation to Litomoso. chandleri, with a very small body and spicules, and a long thin buccal capsule.
Species in rodents:
Litomosoides scotti Forrester and Kinsella, 1973, from Oryzomys palustris (Harlan, 1837) in the United States (Florida), has salient amphids and an exceptionally thickened peribuccal cuticle (Bain et al., 1989) , a short buccal capsule with a prominent ring, and short spicules (left 185-261 m and right 77-109 m long). Litomosoides silvai Padilha and Faria, 1977, a parasite of the rat Bolomys lasiurus (Lund, 1841) (ϭAkodon arviculoides Wagner, 1842) in Brazil (Rio de Janeiro), has a buccal cavity with 2 short rings, a tail with a subterminal constriction in the female, and adanal first pairs of caudal papillae in the male (see redescriptions by Moraes Neto et al. [1996] and Notarnicola et al. [2000] ; from Akodon cursor [Winge, 1887] , also from Brazil). Litomosoides bonaerensis Notarnicola et al., 2000 , from Oligoryzomys delticola (Thomas, 1917 in Argentina (La Plata), has a buccal capsule with a ring, labial papillae jointed in the median line, the third pair of caudal papillae situated in tandem in the male, and longer microfilariae, which are 66-76 m instead of 58-65 m. Litomosoides carinii (Travassos, 1919) , described from Sciurus sp. in Brazil, has a smaller body and a short, not crenated, buccal capsule, and the left spicule has a long handle. Berteaux, 1980, from Micoureus demararae (Thomas, 1905 ) (ϭMarmosa cinerea [Temminck, 1824] ) in Brazil (Rio de Janeiro), has the 8-head papillae symmetrically arranged, a buccal capsule with a ring, the vulva at the level of the esophagus, and longer microfilariae (78-83 m compared with 58-65 m).
Species in marsupials: Litomosoides petteri
A few species of Litomosoides, the males of which are unknown and cannot be placed in a defined group of Litomosoides, carinii or sigmodontis as defined by Bain et al. (1989) , are also distinct from our material. They are parasitic in bats. Litomosoides artibei Esslinger, 1973 , a parasite of Artibeus cinereus (Gervais, 1856) from Colombia (Valle), has a long narrow buccal cavity (30 m long, buccal capsule ratio 6.8 compared with 1.9) with straight walls, thickened only at the anterior extremity, and microfilariae with a thick, long flexed tail. Litomosoides colombiensis Esslinger, 1973 , from Platyrrhinus dorsalis (Thomas, 1900) (previously Vampyrops dorsalis Thomas, 1900) in Colombia (Valle), has a microfilaria that tapers posteriorly to form a long, narrow tail. The Litomosoides sp. of Chitwood (1938) , from Artibeus jamaicensis yucatanicus (Allen, 1904) in Yucatan, is smaller (female 15 mm long), with a shorter buccal cavity (12 m) and a long tail (583 m). Litomosoides caliensis Esslinger, 1973 , from Sturnira lilium (E. Geoffroy, 1810) in Colombia (Valle), has a microfilaria of length similar to that of our material (mean 60 m) but a thicker posterior extremity and no anucleate point.
Including the species described here, 3 species of Litomosoides are now known from didelphid marsupials. They do not represent a monophyletic group: Litomosoides barretti Muller, 1980, from Mi. demararae (ϭMar. cinerea) , belongs to the sigmodontis group (Bain et al., 1989) , and the 2 species of the carinni type are either primitive, with 8-head papillae symmetrically arranged (Litomoso. petteri, also from Mi. demararae), or derived, with reduction of the cephalic papillae (Litomoso. wilsoni from Mon. emiliae).
Litomosoides brasiliensis
Lins 
Redescription
General: Characters established with the specimens recovered from Ca. perspicillata. Set of head papillae: 1 dorsal and 2 joint ventral external labial papillae at the level of the mouth; amphids slightly posterior; 2 large latero-ventral cephalic papillae at midlength of the buccal capsule. Bottle-shaped buccal cavity; cuticular walls of the buccal capsule usually with 2 rings, one thick, triangular in longitudinal section, lying on the apex of the esophagus, the other anterior, smaller, rarely inconspicuous; both rings sometimes with anterior external aspect protruding backwards. Abnormal capsules rather frequent, irregular, and asymmetric. Some variations were observed in the specimens from other bat species: the buccal capsule in St. lilium is often longer and the rings more separated; in 2 specimens, a male and a female, the rings are absent, and the buccal cavity is tubular. The single female from An. caudifer has an asymmetric buccal capsule and a cavity that is slightly wider.
Male: Four pairs of postcloacal papillae, almost aligned on the median line, the anterior pair more or less far from the cloacal aperture. Microfilariae: Body greatly attenuated posteriorly. From Ca. perspicillata from 341 SE: 94.5 Ϯ 4.2 (n ϭ 9); from 2 females from (289-010597): length 79.7 Ϯ 4.9 (n ϭ 6) and 74.9 Ϯ 7.5 (n ϭ 7), global mean length 84.2 Ϯ 10.5, width 3.5-4. From St. lilium from (86-010597): mean length from 5 females 71.8 Ϯ 0.9 (n ϭ 30); from the female with capsule devoid of ring: length 72 Ϯ 3.2. From An. caudifer from (159-100292): 103, 108 (n ϭ 2).
Remarks
The specimens from Ca. perspicillata in Peru are identified to Litomoso. brasiliensis, a wellcharacterized species with several distinguishing male morphological features: large spicules, distal part of the right spicule with a terminal cap and a pronounced dorsal heel, which have been constantly described by the authors (Lins de Almeida [1936] , with the unique male representing the type material recovered from Myotis sp. in Brazil (Matto Grosso); Rego [1961] , with specimens recovered from Ca. perspicillata, Glossophaga soricina (Pallas, 1766), Glossophaga sp., and unidentified Phyllostomidae in Brazil; Diaz-Ungria [1963] , from Ca. perspicillata, Phyllostomus sp., and Myotis sp. in Venezuela; Esslinger [1973] , from Ca. perspicillata in Colombia). The buccal capsule with 2 rings is also diagnostic; these rings were observed in the original description (Lins de Almeida, 1936) and have been regularly noted or drawn in later descriptions of the female. The male papillae studied in ventral view by Diaz-Ungria (1963) are aligned on the median line as in our specimens. In the female the vulva is far behind the esophagus, the vagina is subspherical, and the tail is long and cylindrical, as described by Rego (1961) and Esslinger (1973) . The microfilariae described only by Esslinger (1973) have a size and shape (mean 92, extremes 80-104) similar to those of our specimens.
Based on the shape and size of the spicules, the specimens from St. lilium are also identified as Litomoso. brasiliensis; however, some morphological particularities were noted. These specimens show more variation in the buccal capsule and vagina; the mean length of microfilariae is less than the smallest length given by Esslinger (1973) and observed in our material from Ca. perspicillata. In An. caudifer the single adult female has the vulva far behind the esophagus but close to the longest distance given by Esslinger (1973) , and the microfilaria is as long as the maximum length given by this author; the unique male recovered is at the fourth molt, and the newly formed right spicule showed the typical shape of Litomoso. brasiliensis (Fig. 41-42) ; however, the caudal papillae differ slightly (their number is reduced and the last posterior papillae are jointed medially [ Fig. 39] (Hahn, 1907) in Mexico (Caballero, 1944) could be a close species (Diaz-Ungria, 1963); for a definitive interpretation a description of its microfilariae is necessary.
The same logic is applied to F. serpicula, a parasite of Phyllostoma spp. in Brazil (Molin, 1858) . This species, reexamined, was found to belong to the genus Litomosoides and to resemble Litomoso. brasiliensis with its spicules. Filaria serpicula is hereby recognized as Litomoso. serpicula n. comb. In the absence of data on the microfilariae and with the arrangement of caudal papillae in ventral view, we prefer not to create a synonymy of Litomoso. brasiliensis with this oldest taxon. (Figs. 32-42) 
Late Larval Stages of Litomosoides brasiliensis
Material studied
Part of the sample from An. caudifer (159-100292): 1 female larva and 1 male larva, both at the fourth molt, CP-MBUC 159-100292.
Description
In the 2 larvae the process of molting is identified because of the double cuticular lining of the buccal capsule. Molting is beginning in the female larva, and the tissues surrounding the buccal capsule are typically vacuolated. Molting is almost finished in the male.
Fourth-stage female larva:
Buccal cavity narrow and cylindrical, wall of buccal capsule regularly thin. Glandular esophagus slightly differentiated. Vulva slightly posterior to the esophageal-intestinal junction; vagina elongated (with tall juvenile epithelial cells lining the lumen). Tail cylindrical with round extremity; phasmids subterminal. Length 29.2, width 110, buccal capsule 24 long; esophagus 620 long with muscular part 230 long, nerve ring and vulva 250 and 980 from apex, tail 280 long.
Fourth-stage male larva:
Buccal capsule with a thick ring present; right spicule with the characteristic dorsal heel and terminal cap of Litomoso. brasiliensis, although still weakly cuticularized; left spicule with lamina simple in shape; postcloacal papillae of the 2 first pairs in tandem on the median line, except the last and the third pairs with papillae jointed on the median line; subterminal phasmids. Length 17.85, width 100, buccal capsule 24 long; esophagus 620 long with muscular part 230 long, nerve ring 280 from apex; tail 225, left spicule 370 (handle 200), right spicule 175.
Remarks
The larval stages recovered from An. caudifer provide new and interesting information on the ontogenesis of species of Litomosoides from bats. The buccal cavity of the fourth-stage larva is long and tubular, and the buccal capsule is regularly thin, with the ''rings'' appearing only at the early adult stage. These larval morphological characters resemble those described in the other 2 species for which the development in the definitive host is known, Litomoso. sigmodontis (see Scott et al. [1951] and Maréchal et al. [1996] ) and Litomosoides legerae (Bain, Petit, and Berteaux, 1980) , both parasites of sigmodontine rodents (Bain et al., 1980) . The species from bats, however, presents an important difference: the fourth molt occurs when the larvae are much longer than in Litomoso. legerae and Litomoso. sigmodontis (17.8 and 29 mm long, respectively, in the male and the female, instead of about 5-8 mm long). This probably signifies a long-lasting fourth-stage development in Litomoso. brasiliensis, which is interpreted as a highly derived character. This fits in with its adult characters, such as the arrangement of the male caudal papillae (in tandem on the median line) and the head papillae (reduced number, asymmetry, and joining on the median line of the external labial papillae).
We also noted that during the development of Litomoso. brasiliensis, there was the usual reduction of the alimentary tract with the disappearance of the glandular part of the esophagus. More interesting is the change of position of the vulva: in the last larval stage the vulva is close to the esophageal-intestinal junction, and in the adult the vulva is situated far posterior to the junction. We also observed a similar developmental pathway in Litomoso. sigmodontis. The amplitude of this posterior migration is important because the genital primordium is at the anterior level of the glandular esophagus in the infective stage, as in other members of the family Onchocercidae (Bain and Chabaud, 1986 
Redescription
General: Set of head papillae: 4 externo-labial papillae forming a rectangle stretched dorsoventrally and posteriad, 2 large subventral cephalic papillae; amphids at the level of labial papillae. Buccal capsule thick, with 1 more or less conspicuous ring at midlength. Buccal cavity wider in the posterior half or with maximum diameter at midlength. In both sexes the subterminal divergent phasmids are generally thick.
Male: No more than 2 pairs of papillae, generally asymmetrical and reduced to 1-3 papillae. Lamina of left spicule composed of anterior part, Microfilariae: From Venezuela from Ar. jamaicensis 421 SE: length 60.7 Ϯ 3, width 3-3.5 (n ϭ 4); from French Guiana from Ar. jamaicensis 380 SE: length 68.4 Ϯ 4, width 3.5-4 (n ϭ 5); from Peru from Ar. planirostris (292-010597): length 52.2 Ϯ 2.3, width 3.5-4 (n ϭ 10).
Remarks
The adult specimens from the 3 collection localities (Venezuela, French Guiana, and Peru) have similar dimensions and morphology. They are identified as Litomoso. chandleri, described from Ar. jamaicensis in Colombia because of the following characters (Esslinger, 1973) : small body size, buccal capsule with a ring, bulbous buccal cavity, a lateral row of tiny cuticular bosses in the posterior region of the body, the vulva located at the level of the esophageal-intestinal junction, the tail elongated in the female, the few caudal papillae in the male, and the shapes and sizes of both right and left spicules.
The microfilariae of our material have a cylindrical body, attenuated at the anterior end, with a rounded posterior extremity and a terminal nucleus like those of Litomoso. chandleri. Microfilariae of this species are 58-78 long (mean 69) and 2.4-3.8 (3.1) wide in the original description (Esslinger, 1973) , from specimens from Ar. jamaicensis in Colombia. These measurements match the characteristics of the microfilariae from Venezuela and French Guiana parasitic in the same host, but the microfilariae of the single female from a Peruvian specimen of Ar. planirostris, a species closely related to Ar. jamaicensis, are shorter. This sample could represent another closely related species; because no male was recovered, we tentatively consider these specimens to represent Litomoso. chandleri, of which the geographic distribution is extended to Peru and French Guiana. According to Rutkowska (1980) , Litomoso. chandleri also occurs in Cuba, where it was recovered from Phyllonycteris poeyi Gundlach, 1860, and from a member of the family Molossidae, Nyctinomops laticaudatus (E. Geoffroy, 1805). 
Redescription
General: Set of head papillae: 4 externo-labial papillae arranged in a rectangle slightly stretched dorso-ventrally, and posteriad, single large subventral cephalic papilla; amphids at the level of labial papillae rarely salient, sometimes slightly dorsal in position. Buccal cavity long and narrow, thin and cylindrical, slightly attenuated anteriorly, with 1 tiny anterior ring. Esophagus with or without well-defined glandular part.
Male: Tail with 2 pairs of postcloacal papillae situated slightly asymmetrically in 2 ventrolateral lines; sometimes, third pair present but reduced to 1 papilla; tiny subterminal phasmids. Lamina of left spicule composed of well-cuticularized axis with membranous edges, and membranous terminal flap. Right spicule with sclerotized distal part, rearing subterminal dorsal hook, and dorsal heel. Thick testicle, beginning at the level of the nerve ring or far behind the esophagus. Measurements (3 specimens from 418 SE and 3 from 419 SE) are as follows. Microfilariae: (From 3 females 419 SE.) Both extremities attenuated, posterior end often flexed, its extremity rather sharp. Sheath slightly longer than body. Length 47.8 Ϯ 1.1 (n ϭ 5), 50.3 Ϯ 2.1 (n ϭ 13), 54 Ϯ 2.5 (n ϭ 11), respectively. Total mean 51.5 Ϯ 3.4; width 2.5-4.5.
Remarks
Litomosoides guiterasi (Pérez, 1934) has been described from Ar. jamaicensis parvipes from Cuba and then redescribed by Rego (1961) and Esslinger (1973) from Gl. soricina in Brazil and Colombia, respectively. Some discrepancies exist among these descriptions in that the type specimens are shorter, and the buccal cavity is not drawn as a narrow tube (Pérez, 1934; Fig. 2) . Our specimens from Gl. soricina in Venezuela are similar to those described from the same host. The dimensions of the adults are similar, the buccal cavity is long and narrow with thin walls and a tiny anterior ring, the tail is short and slightly attenuated, the caudal papillae are reduced to only 2 or 3 pairs, the vulva is at the level of the esophagus, and the vagina is small and spherical. Up to the present, the microfilaria of Litomoso. guiterasi has been described only from Colombia in stained blood smears by Esslinger (1973) . Microfilariae of our material are also small and are attenuated at both extremities; however, the body is generally less fusiform, and the posterior extremity is often flexed.
Litomosoides solarii sp. n. (Figs. 80-86) Description
Buccal capsule markedly longer than broad, walls straight, with slight ring at midlength; buccal cavity cylindrical (mouth of the only specimen artificially invaginated). Vulva anterior to esophageal-intestinal junction, vagina elongated. Tail thin, attenuated, with round bent end, phasmids divergent. Microfilariae: Body almost cylindrical, with posterior extremity abruptly attenuated to a sharp point. Measurements (9 specimens): length 53.7 Ϯ 3.5, width 3.8-4.3. 
Taxonomic summary
Remarks
The female of Litomoso. solarii most closely resembles that of Litomoso. guiterasi, having a similar body size, a long narrow buccal cavity with thin walls, and the vulva in the region of the esophagus. However, the tail is longer and thinner, and the microfilariae are different, having a unique shape. This feature of the microfilariae serves to separate Litomoso. solarii from all other species of Litomosoides from which the microfilariae are known (see Mazza [1928] , Esslinger [1973] , Muller [1980] , Bain et al. [1980 Bain et al. [ , 1989 , Gardner and Schmidt [1986] , Brant and Gardner [1997] , Moraes-Neto et al. [1996 , Notarnicola et al. [2000] , and the present study).
Among those species for which the microfilariae are unknown, Litomoso. solarii can be distinguished as follows. The Litomosoides sp. of Chitwood (1938) , from bats, has a shorter and wider buccal cavity, a longer tail, and a postesophageal vulva; Litomosoides hamletti Sandground, 1934, from Gl. soricina in Brazil (Mato Grosso) , has a short and robust tail (ratio 1.8 compared with 5.2); Litomosoides leonilavazquezae Caballero, 1939 , from Macrotus waterhousii (Gray, 1843 in Mexico, has a shorter buccal capsule (16 long) with a thick wall, and a vulva very distant from the esophageal-intestinal junction, as in Litomosoides fosteri Caballero, 1947, described from Gl. soricina; in addition, this last species has a buccal capsule with 2 rings. Litomosoides circularis (Linstow, 1899), from rodents, has a wider buccal cavity and a tail 3 times longer than that of Litomoso. solarii.
Until now, no Litomosoides species had been recorded from any Trachops species. (1986); general measurements of females and males are according to these authors.
Litomosa westi
Male: Area rugosa from 735-805 to 2,925-3,395 (2,120-2,660 long), transverse ridges 2-4 high, distance between bands 11-15 in Litomosa westi, and area rugosa from 450-530 to 2,260-2,300 (1,810-1,770 long), transverse ridges 2, distance between bands 10 in Litomosa thomomydis.
Microfilariae: Those of Litomosa westi 105-106 long, 3.5-4 wide; those of Litomosa thomomydis 87-98 long, 4-4.5 wide.
Remarks
Both Litomosa westi and Litomosa thomomydis have extremely derived characters, illustrated by the reduction of the head and caudal sensory organs, thus their generic position is difficult to establish. The small buccal cavity of these 2 species appeared unique among Litomosoides species. The new feature observed was that their microfilariae have a unique shape. In general, the first larval stage of filarioid nematodes cannot be used to define a genus. However, in species of Litomosoides, microfilariae have a shape that is easy to recognize, with a relatively voluminous and salient cephalic hook, and a straight body attenuated at both extremities inside a longer sheath. Thus, the particular morphology of the microfilariae in the 2 species from Geomyidae is an important character, which when added to the peculiarities of the adults (spicules, vagina, caudal lappets, as emphasized by Gardner and Schmidt [1986] and Bain et al. [1989] ), does not permit their retention in the genus Litomosoides.
The microfilariae of Litomosa westi and Litomosa thomomydis, in contrast, closely match those of 2 other genera, Josefilaria Moorhouse, Bain, and Wolf, 1979 and Litomosa Yorke et Maplestone, 1926 , both parasites of Old World bats. They have a very minute hook, a body tapering from the head to the posterior extremity, and the posterior third of the body reflected back in a shorter sheath (Moorhouse et al., 1979; Tibayrenc et al., 1979; Petit, 1980) . This last character is not a sign of nonmaturation because it is maintained when microfilariae are recovered from subcutaneous tissue (Moorhouse et al., 1979) or the host's blood (Bain, personal observation of Litomosa filaria van Beneden, 1870).
However, Josefilaria mackerrasae Moorhouse, Bain, and Wolf, 1979 , the only species in the genus, differs from the parasites of geomyids because the buccal capsule is not embedded posteriorly in the esophagus. In contrast, species of Litomosa have a thick buccal capsule partially embedded in the esophagus, very similar to that in both Litomosa westi and Litomosa thomomydis.
The resemblance of Litomosa westi and Litomosa thomomydis to some Litomosa spp. has been noted before (Bain et al., 1989) , e.g., the elongated vagina constricted at midlength, the tiny buccal cavity widening posteriorly, and the right spicule without a heel and widening at midlength (as in Litomosa maki Tibayrenc, Bain, and Ramachandran, 1979, and Litomosa aelleni Tibayrenc, Bain, and Ramachandran, 1979) , the caudal papillae grouped near the cloaca (as in Litomosa aelleni) and in Litomosa westi, the well-developed caudal lappets (as in Litomosa vaucheri Petit, 1980) . The area rugosa, composed of transverse ridges of longitudinal crests, is also found in some species of Litomosa, such as Litomosa dogieli Bogdanov and Vladimirov, 1956, (ϭLitomosa desportesi Bain, 1966) , although generally in this genus, the area rugosa comprises irregularly distributed cuticular bosses (Bain, 1966; Petit, 1980) . Consequently, the 2 species parasitic in the Geomyidae are hereby transferred to the genus Litomosa.
A parasite of the caviomorph rodent Ctenomys opimus Wagner, 1848, in Bolivia, Litomoso. andersoni Brant and Gardner, 1997 , has been placed in the original description close to Litomosa westi and Litomosa thomomydis, but the morphological data available are not convincing. The variation of the length of the left spicule is unusually great (286 to 654 m), the buccal capsule is shown either embedded in the esophagus or not, and these 2 features suggest a conflation of species in the description of Brant and Gardner (1997) . The very short buccal capsule (4-7 in the female) and the right spicule with a distal triangular complex region resemble those found in species included in the genus Ackertia (cf. Bain and Hocquet, 1968) , which is a common parasite of caviomorph rodents. In addition, the microfilariae resemble those of Litomosoides ctenomyos Brant and Gardner, 1997 . Additional material would help to solve the taxonomic questions.
DISCUSSION
This examination of 3 known species of Litomosoides from bats, Litomoso. brasiliensis, Litomoso. chandleri, and Litomoso. guiterasi, confirms that the carinii group occurs in bats. It remains to determine whether those species from bats placed in the sigmodontis group also fit into its definition or constitute another distinct group in these hosts. This second hypothesis seems unlikely because our study provides new data supporting the arguments for the similarities between the Litomosoides species of bats, marsupials, and rodents. The plane of organization of the head papillae is very constant in the genus: the external labial papillae are placed on a rectangle stretched medially and the cephalic ones on a rectangle stretched laterally (Bain et al., 1980 (Bain et al., , 1989 Moraes-Neto et al., 1996 Notarnicola et al., 2000) . In addition, the same evolutionary trends of the sensory system are noted in all host groups: the disappearance of 2 cephalic papillae, very likely the dorsal ones, and the migration toward the median line of the labial papillae, which may fuse. Similarly a migration of the caudal papillae toward the median line is observed.
The hypothesis of captures is thus reinforced. However, it is no longer possible to consider that bats are the ancestral hosts, as first suggested (Bain et al., 1980; Bain and Philipp, 1991) , because the adult and larval characters of these Litomosoides species are not particularly primitive. The diversification of Litomosoides in the diverse groups of terrestrial and flying mammals seems to have occurred simultaneously and recently. A very similar conclusion was drawn with the cladistic analysis of Brant and Gardner (2000) . No life cycle of bat filariae is known. The Macronyssidae mites transmit species from rodents as well as from marsupials, at least experimentally. These mites have a large distribution and host range (Micherdzinski, 1980) and they might be at the root of the host-switching, which has been unusually common in this group.
The 2 parasites of the Nearctic subterranean Geomyidae appear more closely related to Litomosa in which they are transferred. However, the 2 genera Litomosoides and Litomosa have in common some particular morphological features, such as the strongly cuticularized buccal capsule posteriorly embedded in the esophagus, and only the microfilarial morphology distinguishes them clearly. The phylogenetic origin of Litomosoides remains unknown, but it appears difficult to dissociate its history from that of Litomosa.
